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A b s tr a c t  EUV em ission  lines from  N II and O III ions are studied  foi d iagnostic
applications in the solar atmosphere In ordei to compute line em issivitics, we have considered 
15 level a tom ic m odel, to set up the s ta tis tica l eq u ilib rium  equ a tio n s tak ing  account of 
various physical processes in the line form ation We have studied the line em issivity  ratios 
as a function o f  electron density in the light o f the EUV observations being taken from  the 
C D S  and  S U M E R  in s tru m e n ts  on the sp a c e c ra f t SO H O  We h av e  a lso  d isc u sse d  
th e  a p p lic a tio n s  o f  the  d e n s ity - in se n s it iv e  lin e  ra tio s  lo r  in f lig h t c a lib ra tio n  o f  the  
sp e c tro m e te r
K e y w o rd s  Line diagnostics, EUV em ission lines, optically  thin plasm as
P A C S N o. 60  T f
1. Introduction
Emission lines from the cosmic plasmas have been the subject of extensive study since the 
advent of space research for diagnostic application. Because of high temperature of 
chromosphere-corona transition region and the corona, the elements present there are multiply 
ionised and are at various stages of ionisation. These ions emit radiations in the EUV range and 
contain the information on the physical conditions of the emitting region. Analysis and 
interpretation of these emission (as also absorption) spectra play an important role in 
understanding the physical properties of the emitting regions.
EUV emission lines from the ions of carbon sequence have been observed in the spectra 
of astrophysical objects such as planetary nebulae [ 1 ] and the solar atmosphere [2], Diagnostic 
applications from these ions have been extensively studied [3-7]. N II and O III are the lower 
ions in the carbon sequence and have not yet received much attention. We have, therefore, 
taken up these ions for diagnostic studies of the solar plasma. We also discuss the density- 
insensitive line ratios for inflight calibration of the instruments.
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2. Line emissivity and atomic data
T h e  line  em issiv ity  p e r unit vo lum e, p e r un it tim e  fo r an  o p tica lly  th in  p la sm a  is g iv en  by
f(A" ) = 4 7 /V' A" T ~  CTgscm~' s~‘ sr’ ’- 0)
w here A is the sp o n tan eo u s tran sitio n  p ro b ab ility  and  jV is the  n u m b er d e n s ity  o f  the u p p e r 
level j  w hich  can be param etrised  as :
' N(X+' ’ ) N(X) N(H) Nt y>
H ere , X*r is the p -th  ion isa tion  stage o f  the  e le m e n t^  ; N(X*P )/N(X) th e  io n isa tio n  ra tio  
o f  the ion X+r relative to  the total num ber density  o f  the e le m e n tX ; N(X )/N{H) is th e  ab u n d an ce  
o f  the c lem en t X relative to  the hydrogen  w hich  m ay  o r m ay  not be co n stan t in so la r a tm o sp h e re ; 
N(H)/N(. is the hy d ro g en  ab u n d an ce  w h ich  is tak en  to  be 0 .8  fo r a fu lly  io n ise d  p la sm a  and  
NjiX*p)/N(X*p) is the p o p u la tio n  o f  Icvely re la tiv e  to  the to tal n u m b er d en sity  o f  the ion  X*p and  
is d e te rm in ed  by so lv ing  the d e ta iled  sta tis tica l e q u ilib riu m  eq u a tio n s  fo r th e  ion .
T h u s, the line  em issiv ity  can  be w ritten  as
1 .5 9 x 1 0 -®  4 N^X**) N { x +I‘) N(X)  „c(A ) = ----------- n~ A -------------------------------- yv
" 4 n k u (A) " N( X' P) N(X) N(H) e ' { )
T he line em issiv ity  ra tio  o f  tw o lin es em itted  from  the  sam e ion  can , th e re fo re , be 
ex p ressed  as
^  = A " x “  N ’ [x+ , , )  
eU,,) An  A ^ r'V
Figure 1. Schematic energy level atomic model for N II and O III lines.
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The schematic energy level atomic model comprising the first 15 levels for N IT and O III 
lines is shown in Figure 1. The ground configuration consists of ( \s2l s 22p2) 3P, lD and lS and 
the higher configuration includes (1 s22s2p3) 5S°, 3Z9°, 3f>°, ]D(\  \S° and ]P° terms. The collisional. 
processes are shown by solid lines while the radiative processes by broken lines.
The atomic data needed to compute the line emissivities are the following : (i) 
wavelengths, (ii) radiative transition probabilities and (iii) collision strengths. The transition 
probabilities and the wavelength values have been taken from the tabulation ofWiese etai  [8]. 
The collision strength values have been obtained by extrapolation along the iso-electronic 
sequence in the following manner. For reasons discussed by Dwivcdi and Gupta 16], in the case 
of forbidden transitions, the collision strengths for Ne V, Mg VII and Si IX from Aggarwal (cf. 
[9] and references cited therein) were used for extrapolation. For allowed transitions, we have 
used the Mason and Bhatia |3] values for Mg VII, Si IX and S XI and those provided by 
Aggarwal [9] forNc V for extrapolation.
3. Results and discussion
We have shown line emissivity as a function of electron density for N II and O III in Figures 2 
and 3 respectively. These lines should be observed with longer exposures by the CDS and 
SUMER instruments on the spacecraft SOHO. In Figure 4, wc have shown the line emissivity
Figure 2. N II line emissivity as a function of electron density at Tmaji = 4.5 x I04 K.
ratios as a function of electron density for NII at its maximum ionic concentration temperature 
rTmax* = 4.5 x 104 K and in Figure 5, line emissivity ratios for O III at Tmax = 6.5 x 104 K. We find 
that the line ratios arc sensitive to electron density in the range of less than 108 cm“\  Therefore, 
these line ratios can be useful for density determinations in planetary nebulae. However, the
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density-in sensitive line ratios relevant for solar atm osphere can he useful for in flight calibration
o f  spectrom eters.
F ig u re  3. O III line em issivity  as a function o f e lectron  density  at T m i = 6 5 x 10 * K
Figure 4. Theoretical line emission ratios for N 11 ion as a function of electron density at 
T - 4 5 x Uf* K
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4. Conclusions
N II and O III emission lines have been studied for diagnostics of solar plasma. Line ratio 
curves show density sensitivity in the range < 1()8 cm \  and can be useful for diagnostics of 
planetary nebulae. Density-insensitive line ratio curves in the relevant AL Te range for the 
solar plasma can be useful for the inflight calibration of the instruments.
Figure 5. Theoretical line emission ratios for C) III ion as a function of electron density at 
T _ = 6 5 x |o« K
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